Compound semiconductor nanocrystals (InAs, InSb, GaSb) were successfully synthesized in single crystalline Si by high uence ion implantation at 500
Introduction
A new class of structures quantum dots (QDs) has attracted great interest during the last two decades as they combine the advantages of bulk semiconductors with those of isolated atoms. Downsizing of electronic devices made the research of synthesis of self-assembled QDs directly in Si very promising. Because of connement, it was expected that electrons in direct band gap QDs could occupy discrete energy levels, in a similar way as they do in atoms [1] . However, on moving from a bulk system to a dot system there arise several physical factors which control whether the interband transitions in a quantum dot will be direct or indirect. The rst factor is quantum connement eect which drives electron levels up and holes levels down in energy. The second factor is mechanical strains which can drive levels either up or down in energy. Moreover, the band alignment between QDs and surrounding matrix has to be kept in account.
Finally, structural defects like dislocations that usually formed around the QDs in strained host matrix [2] could be more favorable for carrier recombination in comparison with band-to-band recombination inside QDs. Now it is already known that band line-ups of InAs/Si, InSb/Si and GaSb/Si are expected to be of type-II as indirect Si valleys lying lower in energy as a result of the upward energy shift and widening of the direct band-gap of A 3 B 5
QDs due to compressive stress [35] . Therefore, the radiative recombination in such systems is expected to be indirect both in real-and in k-spaces [4] . * corresponding author; e-mail: leibnits@gmail.com
In spite of it, these materials have gained signicant technological interest in recent years due to their potential applications in mid-infrared optoelectronic devices.
It was registered a broad band emission in the range of 0.751.1 eV in photoluminescence (PL) spectra of Si samples with embedded A 3 B 5 nanocrystals (NCs) created by MBE [3, 4] or by ion implantation [69] .
In this paper we report on the direct formation of A 3 B 5
NCs in crystalline silicon by ion implantation followed by thermal treatment. The advantage of ion implantation technique is the areal and depth selectivity of phase formation in a substrate as well as its compatibility with industrial device production lines.
The aim of this work is to present our results on structural and optical characterization of Si + A 3 B 5 nanocrystals system and discuss the eect of structural properties on eciency and spectral peculiarities of photoluminescence.
Experimental
The specimens used for this study were prepared from lightly doped single crystalline n-type (100) Czochralski--grown silicon wafers with a resistivity of 4.5 Ω/cm. 
Light Emitting Single-Crystalline Silicon Wafers . . . Figure 1a shows the depth proles of Ga and Sb atoms in Si samples simulated stopping and ranges of ions in matter(SRIM) and calculated from the experimental RBS spectra. These calculations do not take into account the implantation temperature. Therefore, the simulated results are close to experimental depth proles of implanted species for room temperature implantation [10] only. The depth proles were calculated from RBS spectra by tting of the spectra using HEAD code until the simulated spectra coincided completely with the experimental spectra.
Results and discussion
From Fig. 2a ) [7] . The presence of crystalline InSb and GaSb nanoprecipitates in annealed samples is proved by RS spectra (Fig. 3) . Thus, a layer with A 3 B 5 crystallites is formed in the annealed samples. This layer is characterized by a good structural quality in the case of (As + In) implanted samples in contrast to heavily damaged layer of samples implanted with (Sb + In) or (Ga + Sb) ions.
The surface layer with InSb or GaSb nanocrystals contains a lot of dislocation loops (Fig. 2f ) and microtwins (inset in Fig. 2c,e) . And indeed, we failed to get aligned RBS spectra of the (Ga + Sb) implanted and annealed sample while the aligned yield almost reach the random level (not shown) in the case of (Sb + In) sample. It indicates that the layer with InSb or GaSb nanocrystals is in near amorphous state even after 1100 • C annealing. and (Ga + Sb) ions and annealed samples. The peaks at 189 cm −1 (Fig. 3a) and 235237 cm −1 (Fig. 3b) RS spectra of (Ga + Sb) implanted sample even after long time annealing at 1100 • C (Fig. 3b) .
In addition, a narrow peak at 518 cm −1 corresponding to zone-center phonons scattering of crystalline silicon is registered in RS spectra (not shown) of all discussed samples. The presence of this peak conrms the crystalline state of the silicon matrix. However, it should be noted that a signicant shift towards low frequencies occurs in comparison with the peak's position at 521 cm −1 of undamaged Si [8] . This shift is caused by the presence of signicant mechanical strains within the implanted layer [8] . near 0.9 eV is registered in PL spectra of (Sb + Ga) ion implanted samples (Fig. 4c) .
A similar band was observed earlier in the PL spectra of silicon samples with embedded tin (α-Sn) QDs in
Ref. [12] . Sn QDs were formed in Si (100) (Fig. 4d) . The spectrum transformations could be related to annealing of a part of dislocation-type defects and is presently under study by our team.
Conclusions
We have investigated structural and optical proper- 
